Objectives: To obtain the complete genome sequence of an Acinetobacter johnsonii isolate, which encodes the NDM-1 and OXA-58 carbapenemases.
Introduction
Acinetobacter johnsonii (Acinetobacter genospecies 7) is usually found in the aquatic environment, 1 but can colonize 2 and cause infections 3 in humans. For instance, A. johnsonii accounted for 1.7% of 690 non-duplicate Acinetobacter clinical isolates and was associated with bacteraemia. 4 Although Acinetobacter species are a current focus of bacterial WGS, no completely assembled genome sequence of A. johnsonii was available, hindering our appreciation of this primarily environmental, but occasionally pathogenic, species. A. johnsonii XBB1 was recovered from hospital sewage in 2010 in Chengdu, western China and was found to carry the carbapenemase gene bla NDM-1 . 5 The completely assembled genome sequence of XBB1 is reported here.
Materials and methods

WGS, assembly and annotation
Genomic DNA of isolate XBB1 was prepared using the QIAamp DNA MINI Kit (Qiagen, Hilden, Germany) and then was subjected to WGS by both the Roche 454 GS FLX+ (Roche 454 Life Sciences, Branford, CT, USA) and the Illumina HiSeq 2000 (Illumina, San Diego, CA, USA) platforms. Reads generated by 454 and Illumina were assembled using the Newbler or Sspace programs, 6 respectively. The sequences generated by Illumina were mapped against the contigs assembled from reads generated by 454 to construct scaffolds. Gaps between scaffolds were filled using conventional or long-range PCR (Fermentas; Thermo Scientific, Waltham, MA, USA) with primers designed based on available sequences and Sanger sequencing using an ABI 3730xl DNA Analyzer (Applied Biosystems, Foster City, CA, USA). Annotation of the genomic sequence was performed using Prokka. 7 Antimicrobial resistance genes were predicted using ResFinder from the Center for Genomic Epidemiology (http://genomicepidemiology. org/) and phages were predicted using PHAST. 8 
Phylogenetic and plasmid analysis
The unassembled contigs from WGS of five A. johnsonii isolates, i.e. CIP 64.6 (also known as ATCC 17909 and DSM 6963), SH046, ANC 3681, TG19065 and TG19625, are available in GenBank at http://www.ncbi. nlm.nih.gov/genome/genomes/2268. The large-scale blast score ratio (LS-BSR) pipeline was used to determine whether genes of the XBB1 chromosome belong to the core genome of A. johnsonii. 9 The phylogenetic relatedness of isolate XBB1 and these five A. johnsonii isolates was investigated using the Harvest suite. 10 Besides A. johnsonii, there are 30 other Acinetobacter species with at least one genome sequence, either draft or complete, available in GenBank. 11 One whole-genome-sequenced isolate of each Acinetobacter species (Table S1 , available as Supplementary data at JAC Online) was selected for the in silico genome-to-genome comparison with XBB1 using GGDC, which is able to mimic DNA-DNA hybridization. 12 The replicase genes (rep) of plasmids from XBB1 were assigned to a group according to the typing scheme for plasmids of Acinetobacter baumannii.
13 By this scheme, rep genes sharing a 74% or higher nucleotide identity are classified in the same group. 13 The sequences of the intrinsic bla OXA genes of A. johnsonii were retrieved from GenBank and a neighbourjoining tree of these genes constructed using the MEGA program. 14 
Mating experiments
Both broth-based and filter-based mating experiments were carried out using Escherichia coli strain J53 (resistance to azide) and a spontaneous rifampicin-resistant mutant of Acinetobacter baylyi strain ADP1 as the recipient. Transconjugants were selected on plates containing two agents, i.e. one of 8 mg/L gentamicin, 16 mg/L tetracycline and 8/152 mg/L trimethoprim/sulfamethoxazole plus either 150 mg/L sodium azide (for J53) or 320 mg/L rifampicin (for ADP1).
Nucleotide sequence accession number
The complete sequences of the chromosome of XBB1 and its plasmids except plasmid pXBB1-7, which is identical to pNDM-BJ01 (GenBank accession number JQ001791), have been deposited in GenBank under accession numbers CP010350-CP010358.
Results and discussion
The mixed assembly of reads of isolate XBB1 generated 23 scaffolds, ranging 1.0 -50.7 kb in length. These scaffolds were all linked or circularized, generating a circular chromosome and nine plasmids. The chromosome is 3 509 795 bp in length and has a 38.5% GC content. Seven rRNA operons, 83 tRNA and 3462 predicted protein coding sequences (CDSs) were identified on the chromosome.
The sequence of XBB1 represents the first completely assembled genome of this species and could serve as a reference genome for further comparison. Of the 3462 CDSs present on the chromosome of XBB1, 2515 (72.6%) were identified of the core genome of A. johnsonii. There are 18 genes related to iron-uptake systems on the chromosome of XBB1, but none of them is unique to XBB1. Comparison of the five draft A. johnsonii genome sequences and XBB1 indicated that three, i.e. CIP 64.6 and TG19065 (both from the human digestive system) and TG19625 (from a hospital surface), are closely related, forming a cluster ( Figure S1 ). SH046, ANC 3681 and XBB1, all of which were recovered from the environment, appear to be distinct from this cluster and from each other ( Figure S1 ). WGS of more isolates is warranted to allow meaningful phylogenetic analysis of A. johnsonii. In silico genome-to-genome comparison estimated that the DNA -DNA hybridization identities between XBB1 and isolates of any other Acinetobacter species were all ,30%, among which XBB1 is closest to Acinetobacter bohemicus strain ANC 3994.
XBB1 has two intact prophages predicted by PHAST (Table S2) , while other A. johnsonii strains have one to five prophages (Table S2) . One of the intact prophages on XBB1 has not been seen before and carries the rrrD gene encoding lysozyme, which is essential for lysis of the bacterial cell wall (Table S2) .
Isolate XBB1 carries nine plasmids, ranging 3.9-398.9 kb in size ( Table 1) . Of note, none of the rep genes on these plasmids was present in the draft genome sequences of the other five A. johnsonii isolates. Instead, the rep genes shared significant similarity with those on plasmids found in other Acinetobacter species, particularly A. baumannii (Table 1) . Six plasmids, pXBB1-1 to pXBB1-6, were small (,14 kb) in size, and five of these had GenBank accession numbers: p2ABSDF, CU468232; p3ABSDF, CU468233; pAB2, CP000523; p3ABAYE, CU459140; pAV1, DQ278485; pMAC02, AY541809; and p1ABAYE, CU459137. All of the plasmids are from A. baumannii, except pAV1, which is from Acinetobacter venetianus.
b
The rep gene of pXBB1-7 and pNDM-BJ01 has not been determined.
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genes encoding proteins for plasmid mobilization and therefore are probably mobilizable plasmids that might be transferred together with self-transmissible plasmids during conjugation (Table 1) . pXBB1-4 does not include such a module, but carries the sulphonamide resistance gene sul2. The 47 kb plasmid carrying bla NDM-1 , pXBB1-7, is identical to a previously reported plasmid pNDM-BJ01 from Acinetobacter lwoffii recovered in China, 15 although there is no obvious link between XBB1 and the A. lwoffii strain. On both plasmids, bla NDM-1 is carried by Tn125, 5 a composite transposon bounded by two copies of ISAba125. 16 Tn125 is flanked by direct repeats of a 3 bp sequence downstream of aph(3 ′ )-VIa (aphA6) encoding resistance to kanamycin on both plasmids. 5, 15 The 117.8 kb plasmid, pXBB1-8, does not contain any antimicrobial resistance genes, but encodes an Eco57I restriction and modification system, which regulates the entry of foreign DNA into the host strain. pXBB1-9 (398.9 kb) is, to the best of our knowledge, the largest plasmid found in the Acinetobacter genus so far, and is complex in structure. The assembly of pXBB1-9 has been confirmed by overlapping PCRs (data not shown) to exclude the assembly artefact. pXBB1-9 encodes 432 predicted CDSs and contains two rep genes and multiple genes for maintenance, including two copies of the relE-like higA/higB toxin -antitoxin module and EcoKI, EcoR124II and DpnII restriction and modification systems. The conjugation module of pXBB1-9 is incomplete and contains only two genes, which encode the conjugal transfer protein TraX and TrbN, respectively. pXBB1-9 carries gentamicin, tetracycline and sulphonamide resistance genes (Table 1) , but no gentamicin-, tetracycline-or trimethoprim/sulfamethoxazole-resistant transconjugants were obtained despite repeated attempts, suggesting that pXBB1-9 is not self-transmissible. Four XerC/XerD-like binding sites and five Re27 recombination regions were identified on pXBB1-9 ( Figure 1 and Figure S2 ). XerC/XerD-like sites and Re27 regions have been found to mediate mobilization of the carbapenemase genes bla OXA-24 and bla OXA-58 , respectively. 17 -19 Sequence alignment of XerC/XerD-like sites and Re27 regions on pXBB1-9 revealed that Re27 is a variant XerC/D site, as it has both XerC-and XerD-like binding sites (Figure 1 ). pXBB1-9 has genes encoding the tyrosine recombinases XerC and XerD and all of the XerC/XerD-like and Re27 sites are clustered in a region containing a rep gene and bla OXA-58 , suggesting that the region might have been introduced by site-specific recombination. pXBB1-9 is therefore likely a hybrid of two plasmids.
Most antimicrobial resistance genes are clustered on pXBB1-9. bla OXA-58 has been found in an A. johnsonii isolate before, but its genetic context has not been reported. 20 On pXBB1-9, bla OXA-58 is flanked by two copies of ISAba3, one of which is truncated. Two copies of a newly identified IS, assigned ISAjo2 in IS Finder (www-is.biotoul.fr), are found flanking the region containing ISAba3D -bla OXA-58 -ISAba3. ISAjo2 is 1482 bp, has 24 bp imperfect IR and generates 6 bp direct target repeat on insertion. The ISAjo2-flanked region is bracketed by a pair of identical Re27 regions (locations, 1-28 and 387305 -387332 in GenBank accession number CP010358; Figure 1 ). It is therefore evident that bla OXA-58 is located in a Russian doll-type context. Two copies of the same IS could form a composite transposon capable of mobilizing the intervening components and it has been shown that recombination between two Re27 regions is able to mediate mobilization of bla OXA-58 , 19 suggesting that bla OXA-58 might be mobilized by multiple mechanisms.
A. johnsonii also has an intrinsic bla OXA gene encoding a naturally occurring oxacillinase, 21 which has 70% -74% identity (58% -68% coverage) with intrinsic bla OXA genes of other Acinetobacter species, determined using the BLAST program. The intrinsic bla OXA gene of isolate XBB1 encodes a new OXA enzyme, which was designated OXA-311 by the b-lactamase classification scheme (www.lahey.org/Studies/other.asp#table1). The phylogenetic tree of intrinsic bla OXA genes of A. johnsonii shows that bla OXA-311 is most closely related to bla OXA-333 (96% nucleotide identity; Figure S3 ), which was identified in an A. johnsonii isolate from Australia. 22 This tree is also consistent with a phylogenetic tree of the A. johnsonii genomes ( Figure S1 ). This intrinsic bla OXA Genomic sequence of A. johnsonii gene might be included as a candidate locus for developing an MLST for A. johnsonii. bla OXA-311 is not carried by a mobile genetic element, but is adjacent to dnaK, a housekeeping gene encoding a molecular chaperone, upstream, and a gene encoding matrixin, a metallopeptidase, downstream.
We have previously reported that bla PER-1 on pXBB1-9 was located in a complex Tn402-like integron, which carried an arr3-aacA4 array and was flanked by a miniature inverted-repeat transposable element. 23 Besides b-lactamase genes, aacA4 [aac(6 ′ )-Ib, conferring aminoglycoside resistance] and aar3 (conferring rifampicin resistance), pXBB1-9 carries other resistance genes, including aminoglycoside resistance genes aphA6 (another aphA6 present on pXBB1-7, see above), aac(3)-IId (aacC3) and strAB, macrolide resistance genes mph(E) and msr(E), sulphonamide resistance gene sul1 and tetracycline resistance gene tetA(Y). pXBB1-9 also carries a gene encoding a protein sharing 76% amino acid identity with the chloramphenicol resistance transporter CmlA7 (GenBank accession number WP_032492012). This is consistent with the multidrug resistance phenotype of isolate XBB1, which was resistant to the third-generation cephalosporins, gentamicin and sulphonamides. 5 
Conclusions
We determined the first completed genome sequence of A. johnsonii. The MDR A. johnsonii isolate XBB1 carried nine plasmids, which could provide great genetic plasticity for the host strain to adapt to its environment. The ability of A. johnsonii to harbour a large number of plasmids suggests this species might serve as an important intermediate host of antimicrobial resistance genes, with the ability to generate various platforms to facilitate dissemination of antimicrobial resistance among bacteria.
